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ECONOMIC VALUATION OF PATENTS AS REAL OPTIONS

Ing. Eva Kramna

Abstract

In today’s high competitive business world is foe successful firms necessary to manage
not only their tangible property but also intangilslssets. The main goal of this article is to
approximate the application of real option methodylfor patent valuation that takes into
account the value of flexibility in investment dgon making. In this paper is shown how to
use real options methodology for valuation of pat@ine theoretical background of real
options is illustrated by the Black-Scholes modelthhe sample case adapted to Aswath
Damodaran (Damodaran, 2001). This paper is comgplbte estimation of contemporary
situation of patents granted by the Industrial propoffice in the last five years. The last part
discuss in which situations make sense to useoptains for valuation patent and what is the
most common problems of using real options.

Key words in English: patents management, real options, investment idacisaluation,
performance

1 INTRODUCTION

Intellectual property is the part of business ass&he valuation of intellectual property
rights, specifically patents, has been one of thestndifficult investment problems of
managers. Patents represent investment oppoestniti

Investment decisions are associated with long-témpact on business. It is therefore
associated with higher risk and higher sums of moiiée role of financial manager is to
evaluate the effectiveness of the proposed invedtn8o far, the best known methods are
based on projections of future cash flow that aoenmared with an estimated capital
expenditure. These methods count with an ideadast flows will be implemented for the
whole time of project and do not take into accotln@ possible changes that may have to
occur during implementation. Therefore, nowadaysobe more valuable approaches that
also include the possibility of change. Here mamagan effectively use a method of real
options. For a long time was not available a sigtédol that should reliably to determine the
relationship between the value of industrial préypeand the risk that the value losses or gains
greater value. Currently, owner of licenses andsehavho want to invest technological
solutions can behave as investors in financial etarkPatents give the owners a complex
bundle of options. Managers can choose betweemusxely commercializing the patented
invention something during the patent term or foreg commercialization altogether, for
example they can use option to develop certain ¢ypeoducts, license the technology.

2 OBJECTIVE

The objective of this paper is to approximate teoty and the application of real options
methodology for patent evaluation. The basic intenis to describe theoretically Black-
Scholes model and its variables for patent valuati©onsidering patents are results of
research and development, the key determinanenibility, the second objective is to show
a descriptive analysis of contemporary situatiopatent market in the Czech Republic. The
third objective is to show a contrast between traal valuation method (NPV) and real
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options methodology that is illustrated by the skngase of evaluation of patent. Finally, it is
discussed about application of real options a gmbdonnected with their utilization.

3 METHODOLOGY

Contribution by comparison of domestic and foreilijerature review summarizes the
methodology of real options and its possible ustnévaluation of patents. The paper shows
descriptive analysis of the current situation ofepés in the Czech Republic. The main
source of this analysis is official statistics wiehsarticles, reports and analyses engaged in
patents and real options methodology. The basitsttal data are used from reports and
analyses done by the Czech statistical office, gbaot the Research, Development and
Innovation Council and other domestic and foreigforimation sources. For a large number
of indicators, are chosen for analysis of valiétises of patents only these that are granted in
the Czech Republic. The patents are dividend acupitd various type of indicator. Finally,
the application of real options methodology is dastated by using a model example. For
calculation were used analytical method, especibliéf present value and Black-Scholes
model. This model is illustrated by the examplephed to Aswath Damodaran (Damodaran,
2001).

4 RESULTS

4.1 Application of real options
In order to make effective use of real options ianaging the company it is necessary to
make a certain selection. The main aim is to elat@nthose projects that will bring more
expensive than benefit connected with them:
» investment decision connected with high risk andeatainty when the option value is
closed to zero,
= decisions that can’t be postponed when additiarfaimation and right of election
becomes meaningless,
= options for low-budget projects where the value eexis the estimated capital
expenditure.
Scholleova (Scholleova, 2007) presents that optionethodology should be used as a
support tool for investment decisions, especialherme operating factors such as:
= very uncertain future,
= wide range of managerial flexibility,
= NPV close to zero.
In the current turbulent times with the high conijpet in markets won’t exist projects with a
zero-risk and low levels of volatility will existn@ most of them will have NPV close to zero.
Real option will gain an important potential rolé&an Puten and MacMillan (MacMillan, Van
Putten, 2008) believe that to the value of eacheptshould be minimally add value of the
option to conclusion the project because therdwsyas the possibility of abandon a failed
project.

4.2 Valuing a patent

Black-Scholes model is lognormal model, in which tinderlying assets price is assumed to
be log-normally distributed, is still by far the stgoopular one. The Black-Scholes model
applies when the limiting distribution is the notrdastribution, and it explicitly assumes that
there are no jumps in asset prices. This modeldeagyned to value European options. This
option-pricing model is rather difficult to be debed.



The value of call option in the Black-Scholes modeah be written as a function of the
following variables:

S = current value of the underlying assets

X = strike price of the option

T = life to expiration of the option

r = riskless interest rate corresponding to thedfféhe option
o = variance in the In (value) of the underlyingeiss

y = dividend yield

The model itself can be written as:

C =Sxe’"xN(d,) - X xe™™ xN(d,) (1)
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Option to wait is used commonly for valuation otgrd. This real option gives management
right to postpone a time of an initiation of prdje¢ T years and to give and use for this time
of postponing additional information about devel@gmnof future based variables such as
price of inputs and outputs, production volumesrkataconditions. Although their value is
known at the time of the decision but unstable thatins that the acquired values can be
capture by a certain probability expression. Thenagament uses an option if the market
conditions will be favourable for project.

It is a call option usually an American type howeiean be especially European style. Basic
parameters can be:

= Patent’s option price (current price of underlying assetsSy — the most frequent
component of the patent option price is the feeo@ased with filing a patent
application. An attorney or patent agent is usublhed to draft the application and
due to increasing the price of purchasing the optibhe price of the patent also
includes the cost of creating the invention. Tha Bomponent of option price is the
benefits of trade secret protection that are lost.

» Patent’s exercise pricérealization price -X) — exercising the patent option is usually
focus on the commercialization of the underlyingeds (invention) by the patent
holder.

» Patent’s expiration date (life of option —T) — this date is initially tied to the
expiration of the patent that expires by statut@Onyears from the filing date of the
patent.



= Patent “s risk-free interest rate(r) —this rate is found out from the interest rate @f th
government bonds.

= Patent ~ s volatility (o) — volatility is find is defined as the variance iretbxpected
present value.

4.3 Patents and firm performance

Top management is participated especially in impigwf the corporate’s performance. To
achieve growth in value it is need to know the abbed “Value Drivers” (Key Performance
Indicators). Currently, there are many approacinescancepts of value management. Each of
these approaches defines another factory signtficaffecting value creation. The best
known value concepts of performance management CFRDareloder Value, EVA
emphasize the importance of investment decisionsh sas tools of future growth
opportunities. In the present strong competitiors itmportant to be engaged in constantly
maintain a competitive advantage as investment amenefficient use of technical quality
allowing for better products or production of neypéds of products satisfying better to
customer needs, further investment in research dedelopment and human capital
development, etc. Although the costs of the innowatequire high initial costs are often a
source of future increases in market value.

Innovation activity is often represented by coufitpatents. Bloom and Reenen (Bloom,
Reenen, 2002) examine impact of patents on firnédopmance. They discovered that
patents have an economically and statisticallyiggmt impact of firm-level productivity a
market value. The other finding was that while ptitey feed into market values immediately
it appears to have a slower effect on productivitye last point of their research was finding
of reduction of the impact of new patents on praoitg cased by higher market uncertainty.
The issue of valuating patents and their impactfion’s stock market values was also
mentioned in the paper written by Pakes (Pakes§)19he literature engaged in important
role of real options in firm’s optimal investmentasegies wrote (Dixit, Pindyck, 1994),
(McDonadl, Siegel, 1986), and others.

The next part approximates the contemporary sdnati patent market. The growing number
of patents speaks positively of the growth of besfinterest in our market. The fact that
only 29 % of owners of patents granted are domegipticants does not however speak well
of the appropriate development and appreciatiothefsignificance of patent protection on

the part of our companies and research and acadsghere. Foreign applicants have gained
the dominant share of patents that are valid in @zech Republic, especially 71 %.

According to my opinion According to my opinion tBzech companies insufficiently protect

their innovations. It means that in more Europeauntries are innovations patented more
often. The Czech companies should think about ghiblem and try to protect their know-

how or other secrets that could help them to be&eb#han their competitive firms. Patents

granted by the Industrial property office (UPV)Mr®2005 to 2009 are shown in the bellow
spreadsheet.

Tab. 1 - Patents Granted by the UPV. Source: ThezlCstatistical office

2005 2006 2007 2008 2009

Total 1582 2 564 3357 4 458 4 668

Patents granted by the UPV 1010 971 978 1134 1279
applicants from the Czech Republic 211 188 186 220 370
foreign applicants 799 783 792 914 909




| of which, international PCT applications ‘ 605 ‘ 610 ‘ 602 ‘ 761 ‘ 760 ‘

From the Tab. 2 is clear that the number of conéamtof patents had an increasing trend.
The most of the patent were granted in the thregoses, chemistry and metallurgy, industrial
technology, human needs. These three sectioneareat than 70 % of total granted patents.
The others 30 % are equally divided into remairsegtors such as construction, electricity,
mechanics, physics, textile and paper. It is ripat Czech companies invest in the sectors in
that they are in good level but they should evahesother sectors too. The Czech companies
could use programs and their accompanying subsidissipport science and research. This
could lead to development of cooperation with ddmes international companies or with
public scientific institutions and help with exténg patents in all sectors.

Tab. 2 - Patents by International patents clagdibo. Source: The Czech statistical office

2005 2006 2007 2008 2009
Total 1582 2 564 3357 4 458 4 668
A Human needs 299 428 645 919 1039
B Industrial technology, transport 431 733 867 1240 1086
C Chemistry; metallurgy 408 605 826 1037 1200
D Textiles; paper 27 74 82 127 149
E Construction 105 156 201 266 273
F Mechanics; lighting; heating, weapons 163 293 348 388 368
G Physics 66 136 182 220 241
H Electricity 83 139 206 261 312

4.4 Relationship between patents and real options

Patent is a legal title granting its holder rightnhake use of an invention for a limited area
authorization. The valuation of intellectual pragerights, especially patents, becomes the
most problems issues of managers. Currently theyuaed three approaches for estimating
the economics benefit from patent: the cost-bagguoach, market-based approach and the
income approach. Cost-based approach comes fratioredhip between cost and value of
patents and ignores their future benefits. The d@nmehtal of market-based approach is
determination of patent value by using known tratisa prices of comparable assets. The
income approach is based on an estimate of hypodhebyalty payments one would have to
pay to and third party to reap the benefits to miat uses the NPV rule that means that sum
using DCF in the economic value of patents is oftgaction of investment due to its higher
risk and uncertain future payoffs. On the otherdh@nexist methods that may overcome
limitation of traditional methods. The attentionoshd be given to the valuation of real
options. Real option is the right, not the obligati to purchase the underlying asset at a
defined exercise price. And patent is like a rg#lans because it allows its owner to use of
an invention at the predetermined cost, for a gerdened period of time (life of patent).
This method improves the traditional approachesinmjuding flexibility into manager’s
decision and gives them an ability to adapt ituretplans to capitalize on convenient
investment opportunities and also to respond taiemdly development in a dynamic
environment by cutting losses.

Dixit and Pindyck (Dixit, Pindyck, 1994) argued thmost investment decisions have
characteristics in terms of real options:

= jnvestment is irreversible,



» uncertainty connected with the future return frdra investment,
= managers have choice to invest at flexible time.

Extensive part of investment cost is sunk and carv® recovered, such as patent
maintenance fees and attorney’s fees. Howevers itmpossible to determine optimal

management of patents because of high risk thabnmected with it. Patent is typical of

great uncertainty over the future rewards fromitivention. This profit is related with change
of market condition and also it depends on thertgnof investment in patented inventions
because investing early in the process providesdolier revenues stemming from patent.
The real options theory specifies that firm’s patereates an irreversible investment
opportunity that individuals or other firms cannotdertake. This investment opportunity is
an American call option because investor may havepportunity, but not the obligation, to

undertake the project not only at a precise andrgiime, but also during a whole period of
time. It gives managers the right to spend money ooin the future, in return for an asset of
some value. According to the real options literattive optimal investment rule is based on
assumption that asset value exceeds the investowsit by a potentially large option

premium. The important advantage of the real optoodel is that managers are not
constrained to make irreversible investment deossibut have flexibility to undertake

different strategic decisions to respond to chasfgenvironment.

Sereno (Sereno, 2011) presents different typeabfotions, for example:

= option to renew — gives the owner the right to renew the bendfitsn a patent
exploration for a maximum of 20 years or be droppetore the end of statutory
patent life if it holder decides not to pay thesk&nt renewal fee,

= option to license— gives the owner the right to license the inttllal property when
he does not possess the manufacturing and distnibregsources necessary to produce
and market the product on a national or even iatevnal scale,

= option to abandon- gives its holder the right to abandon patenobteeft expires by
itself.

A few scholars have engaged in the valuation patest real option. Denton and Heald
(Denton, Heald, 2004) developed a state of thenathod for valuing patents using financial
options approach. Takalo and Kanniainen (Takaloyraninen, 2000) present that impact of
commitment to an R&D project is to create futuretimmps for patenting and market
introduction.

In this section, we look at valuation of patentusyng Black-Scholes model. The sample case
is adapted to Aswath Damodaran (Damodaran, 20@djduct patent provides a firm with the
right to develop and market a product. The firmlwi so only if the present value of the
expected cash flows from the product sales exdezddst of development.

The biotechnology firm with patent on drug calleé&vbnex” that has passed to treat multiple
sclerosis. As a basis we have following information

* An internal analysis of the drug today, based engbtential market and the price that
the firm can expect to charge, yields a presenteval cash flows USD 3.422 billion,
prior to consideration of the initial developmenst

= The initial cost of developing the drug for commakaise is estimated to be USD
2.875 billion if the drug is introduced today.



= The firm has the patent on drug for the next 17,yaad current long-term treasury
bond rate is 6, 7 %.

» The average variance in firm value for publiclydied biotechnology firms is 0,224.

» |n the day of the expiry of the patent may entethim market any other entity with the
same drug. Shortening of the patent thus reducesptice of the option. However,
there is the option to wait for a higher yield. T¢twmpany may be volatile due to the
current value of waiting to get a higher yield Ibiois yield is compensated by being
less competitive advantage. This phenomenon is kresvthe “cost of delay”. These
costs can be expressed by the following formula:

cost of delay:% (2)

Cost of delay can be compared with stock optioas Iining dividends because without early
exercise of the option the option holder do noeress dividends. For this reason will be used
to estimate patent the Black-Scholes formula adgugtr dividends:

In>%22, 00675- 0589+ %224 17
4 = 2875
! 0437717
N (ck) = 0,872
In>%22, 00675-0589- %224 17
4 = 2875
' 0437717

N (db) = 0, 2076

Patent valueC = 3422 °%"*" x 0,872-2875x e ™" x 0,2076= 907

Contrast this result with the net present valuthsf project:
NPV =3422-2875=547

Although the Net present value of the patent amoomly USD 547 billion Black Schools
model evaluate patent for USD 907 billion. The leigprice in this case means that the patent
holder has the advantage of waiting for better miacknditions. So for an investor it is better
to wait. Shorter time to the end of patent lifelwlécline its value because it will increase the
cost of delay. A further factor will also reducetiar T.

As we see from this example, patent valuation useaj options has led to a higher value
than using NPV. The effect would be even more lasibthe NPV is zero or even negative.
Real option pricing models can therefore be bettdike traditional methods to determine the
intangible assets based on the benefits of brintiagsset owner.

5 DISCUSSION

Many economists have a question if patents ardyreations? The problem is a difficult
answer if the methods of real options is used righevaluation of patents. The correct



methodology is generally considered, in principg)y methodology that has at least
outwardly somehow justifiable procedure.
Authors concede that patents can be consideregtams in the sense that the owner offers
the following options:

= options to prevent others to use technical solstion

= options to acquire additional assets or take adwggnof their complementary assets to

the value of innovation.

Kidder and Moody (Kidder, Moody, 2003) find thatigats for first look can be really valuate
as option. Managers that use real options theowalieation of patents link up patent’s value
with value of underlying assets that is often projef new product development to which
they are applied technical solutions protected &tempis. By this way managers get inputs of
Black-Scholes model. Authors see a lot of probletry wnanagers should not use option
methodology to valuating patent. They foreshadoat ih could be used to determine the
value of the patent and the theory of real optioumsthe used methods should be much more
comprehensive way than the Black-Scholes formula.
On the other hand a lot of scholars use real optroethodology in their research work. For
example Meng (Meng, 2008) uses a continuous tina¢ options approach to develop a
duopoly patent race model or Bloom and Reenen {BJdeeenen, 2002) analyzing database
on over 200 firms where they show that patents laaveconomically and statistically impact
on productivity and market value by using real optmodel. Takalo and Kanniainen (Takalo,
Kanniainen, 2000) found out that patents alway®dpe technological progress and create
future options.

Problem in learning how to use real options consiéigpeland and Kenan (Copeland, Kenan,
1998) to be caused by disability to recognize themeal-life managerial settings. They lost
management’s flexibility to alter the course of rajgct in response to changing market
condition. The most common problem of using reaiams is following:

= complexity of using basic tools,
= short time of beginning real options methodologymitersity lead to the small extent,

» insufficient awareness of the need for flexibilitythe use of evaluation and detention
of its value to the volatility,

» inadequate tools for quantification of some paramsetof assessment, primarily
volatility.

6 CONCLUSION

The use of new economic approaches to describ@dtents is nothing new. Real options
theory provides a similar opportunity. This artigi@es an overview of the real options theory
and its application to the valuation of the patehtghis paper is mentioned an importance of
patents to the firm’s performance. Patents hawcanomically impact on firm’s productivity
and market value. Impact of new patents on prodigtreduces higher market uncertainty.
The theoretical background is applied on the masidus valuation model of real options, the
Black-Scholes model. This model is illustrated by example adapted to Aswath Damodaran
(Damodaran, 2001). This model shows that patentati@n using real options has led to a
higher value than using NPV. This fact stems fitbwn fact that the flexibility that gives the
patent holder's value. For completion informatisrshown the current situation of patents in
the Czech Repubilic.

Managers use a range of methodologies includingirgs per share or economic profit,
discounted cash-flow, etc. However, in the situaiof high uncertainty where management



can respond flexibly to new information and whdre NPV is close to zero is favourable to
use real options. Real options approach becomes nauable because it can capture the
value of managerial flexibility in a way that NPWalysis does not. Real options analysis
could add a dimension to the theory of patentsdedwon their private value, instead on their
social value.
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